This paper aims to examine how institutional factors affect carbon dioxide emission in case of Russia with an emphasis on the asymmetrical effects of corruption. Institutional factors include corruption perception in the sampled economy and income inequality. The study deploys a non-linear autoregressive distributed-lagged approach to the hypothesis testing. Using the data for the period 1996-2018 of the sampled factors, affecting carbon dioxide emission in Russia, we aim to find the existence of the cointegration between the variables and determine the existence of the asymmetrical effects. In the results of the empirical investigation it was found that carbon dioxide emissions, corruption and income inequality in Russia are cointegrated. In both the long and short run, positive shocks in corruption increase environmental degradation in Russia. A 1% increase in corruption leads to a 0.13% and 0.17% rise in CO2 emission in the short and long run respectively under 5% significance level. Income inequality is found to be a statistically insignificant determinant of carbon dioxide emission in Russia.
Introduction
Environmental pollution is one of the main areas of research in the field of the environmental economics. The problems of climate changes, global warming and worsening quality of environment, brought to life by an increased industrial output, are related to an increased greenhouse gases emission, which include carbon dioxide, The case of Russia seems very significant, since on the one hand Russia really takes the 4 th place in terms of CO2 emissions, and on the other hand continues to actively increase energy consumption. For example, for 1998, the level of energy consumption in the Russian economy was 3, 981.502 kg. of oil equivalent per capita. This value is a local minimum, as throughout the subsequent time a steady increase in energy consumption in the national economy is observed with a maximum value of 5,167.012 kg. of oil equivalent per capita in 2012. It is logical to assume that the energy consumption growth is associated on the one hand with the growth of the GDP, and on the other hand with the ongoing processes of urbanization, internal labor migration, with growth of marginal propensity to consume and other important factors. It is important to note that Russia is a net exporter of conventional types of energy resources. In this regard, the structure of energy consumption is quite stable and has not changed significantly for almost 20 years. In other words, abundancy of energy resources eliminates incentives for the use of renewable energy, thereby mitigating the stimuli for improving the environmental quality and ensuring sustainable green growth.
Confirmation of this thesis can be found if we refer to data on the consumption of renewable energy sources in the total amount of energy consumed. Data of the World Bank on renewable energy consumption in Russia shows a downward trend. As of 1990, renewable energy consumption as a percentage share of the total final energy consumption, was only 3.75%. Over the next 3 years, the share of renewable energy consumption increased up to 4%. Since 1995, the share of renewable energy consumption has been declining steadily. As of 2000, the share of ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 2019 Volume 7 Number 1 (September) http://doi.org/10. 9770/jesi.2019.7.1(36) 512 renewable energy consumption had fallen to 3.5 per cent again. At the time of Russia's entry into the Great Recession of 2007-2009, the share of renewable energy consumption fell to 3.3% and remains at this level. The use of renewable energy sources is one of the key elements to ensure green growth and sustainable development in the national economy. From this point of view, the state of the renewable energy market in Russia is deplorable. On the one hand, the national policy encourages the use of renewable energy to preserve the environment and the implementation of plans to reduce CO2 emissions within the framework of international agreements. On the other hand, the scale of investments in green energy, respectively, in green economic growth is insufficient given the surplus of non-renewable energy resources, including oil and gas.
In addition to environmental and technological factors, the institutional environment is another important factor. For example, the level of corruption and income inequality could significantly impact the structure of energy consumption on the one hand and the level of environmental degradation on the other. For example, a high level of monopolization or cartelization of energy infrastructure and housing and communal services could lead to an inflated level of energy prices for both households and business entities. In order to reduce costs, the use of renewable energy for both personal and production purposes can be a good example of green growth of the markets, usually driven by small and medium-sized businesses.
Thus, it is logical to assume that a high level of corruption in the national economy can serve as a barrier to sustainable development and green growth based on the use of renewable energy sources, thereby supporting an increase in CO2 emissions.
Another important institutional factor is income inequality. It's assumed that income inequality is closely linked to the level of corruption of the national economy. It is believed that an increase in the level of corruption leads to increasing gaps between incomes of the rich and the poor. It is also known that high levels of corruption are associated with high CO2 emissions. In other words, increasing income inequality can reduce the capacity of households to use renewable energy to mitigate the assumption of the budget constraint. Thus, we assume that the high level of income inequality of the population can contribute to the environmental degradation.
Literature review
The existing literature on the green growth and sustainable development is associated with the search for indicators that characterize the sustainable progressive development of the national economy, taking into account the environmental issues. In this regard, international research on this issue adheres to a number of directions.
The first one is focused on the relationship between CO2 emissions, energy consumption and economic growth. E.g., Acaravci and Ozturk (2010) investigated the causal relationship between carbon dioxide emissions, energy consumption, and economic growth by using autoregressive distributed lag (ARDL) bounds testing approach of cointegration for nineteen European countries. They found evidence of a long-run relationship between carbon emissions per capita, energy consumption per capita, real gross domestic product (GDP) per capita and the square of per capita real GDP. Acheampong (2018) , applying panel vector autoregression along with a systemgeneralized method of moment, examined the dynamic causal relationship between economic growth, carbon emissions and energy consumption for 116 countries over the period 1990-2014. The study found that energy consumption uni-directionally causes economic growth and carbon emission. Also a bi-directional causality between carbon emissions and economic growth was detected. investigated whether energy consumption, corruption, environmental quality, and political instability affect economic growth in 13 Middle East and North African (MENA) countries over the period 1984-2012. The results in the "growth-CO2 emissions" nexus showed that economic growth affected CO2 emissions and energy consumption, while CO2 emissions affected economic growth. Pao and Tsai (2010) 
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They found that energy consumption has a positive and statistically significant impact on emissions. Nejat et al. (2015) investigated energy consumption, CO2 emissions and energy policies in the residential sector in China, the US, India, Russia, Japan, Germany, South Korea, Canada, Iran, and the UK. In some countries energy consumption led to significant GHG emissions. Islam et al. (2017) investigated the impact of energy consumption, economic growth, population, poverty, and forest area on carbon dioxide emissions by using the econometrics approaches for Malaysia, Indonesia and Thailand. The results showed that energy consumption and economic growth had positive relationship with CO2 emission. investigated the relationship between electricity consumption and economic growth in Russia. Results showed that the sampled variables are cointegrated and there exists a long-run relationship between them. Yang et al. (2017) estimated the economyrelated GHG emissions in Russia over the period of 1998-2013 in terms of energy consumption emissions, industrial process emissions, animal husbandry emissions, and fugitive emissions. The results supported the Environmental Kuznets Curve hypothesis with Russia reaching the threshold in ten years. Tan and Tan (2018) investigated the causal relationship between real income, energy consumption and carbon dioxide emission in Malaysian industrial sector during the period of 1980-2014, by applying the time-series econometric techniques.
The results show that a long-run relationship exists between the variables and unidirectional causality relationship from energy consumption and CO2 emissions to real income in both short and long-run. Ozturk and Acaravci (2010) examined the long run and causal relationship issues between economic growth, carbon emissions, energy consumption and employment ratio in Turkey by using autoregressive distributed lag bounds testing approach of cointegration. They found a long-run relationship between the variables at 5% significance level in Turkey.
Results for the existence and direction of Granger causality show that neither carbon emissions per capita nor energy consumption per capita cause real GDP per capita. Similar results for the Turkish case were obtained by Bozkurt and Akan (2014) . They investigated economic growth, CO2 emissions and energy consumption relationship in Turkey by using cointegration test. The results showed that energy consumption positively affects economic growth, while CO2 emissions negatively affect it. The results of the EKC hypothesis testing for Turkish case, presented by Shahbaz et al. (2013) , showed that energy intensity and economic growth increase CO2 emissions. Albiman et al. (2015) investigated the nexus in the Tanzania by applying Toda and Yamamoto non-Causality test. They found that economic growth rate and energy consumption per capita, both being unidirectional, cause environmental pollution through carbon emission in Tanzania. Moreover, they found that a significant and positive economic growth due to shocks from electricity per capita (energy consumption) and carbon emission with time, which is similar to for the Russian case. Shahbaz et al. (2015) tested the EKC hypothesis for Portugal by applying autoregressive distributed lag bounds testing approach from 1971 to 2008. They augmented the traditional income-emissions model with variables such as energy consumption, urbanization, and trade openness in time series framework. Empirical results confirmed the evidence of EKC hypothesis in both the short-run and long-run. Shahzadd et al. (2017) examined the cointegrating relationship between carbon emissions, energy consumption, trade openness and financial development in Pakistan using ARDL bounds test. The results shower an inverted U-shaped relationship between carbon emission and energy consumption with economy beind below the threshold, stating that energy consumption induced CO2 emissions. Al-mulali and Sab (2018) investigated the impact of energy consumption and CO2 emissions on the United Arab Emirates's economic and financial development. The results showed that energy consumption and CO2 emissions had a long-run relationship with the economic and financial development indicators in the UAE. Also a causality from energy consumption to CO2 emissions was detected.
Yet, some studies state that the "energy consumption-economic growth-CO2 emissions" nexus depends on the degree of the carbonisation of the national economy, dependent on the structure of the economy. Chang (2015) , analyzing energy efficiency and environmental Kuznets curves in G7 group and BRICS countries, found that the G7 group has greater room for improvement in its carbonization value than the BRICS group before 2005; however, the latter has greater room for improvement in carbonization value than the former after 2005. 
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Another important area of research for our study deals with the "corruption-emissions" nexus. E.g., found that corruption has an indirect effect on economic growth through energy consumption and environmental quality, an indirect effect on environmental quality through economic growth and an indirect effect on energy consumption through CO2 emissions and GDP. Cole (2007) , employing data for 94 countries covering the period 1987-2000, estimated both direct and indirect impacts of corruption on air pollution emissions. For both sulfur dioxide and carbon dioxide, corruption is estimated to have a positive direct impact on per capita emissions. Indirect effects are found to be negative and larger in absolute value than direct effects for the majority of the sample income range. As a result, the total effect of corruption on emissions is negative for all but the highest income countries in the sample. investigated the impact of institutional quality and world oil prices on performance of Russian manufacturing sector. The results of the study showed that oil prices, institutional quality and economic growth in Russia are cointegrated in the long-run. Yet short-run effects are statistically insignificant. Results of Granger causality test show unidirectional causality running from oil prices and institutional quality to economic growth. Farooq et al. (2013) found that corruption impedes economic growth, while financial development adds in economic growth, which is similar to the Russian case. ) Fredriksson et al. (2004 investigated the effect of corruption on energy policy outcomes in case of 12 OECD countries. The results show that greater corruptibility of policy makers reduces energy policy stringency. evaluated the impact of corruption on the environmental quality in Tunisia. The results showed a positive and significant relationship between control of corruption and economic growth, a negative and significant relationship between control of corruption and environmental quality and a negative and significant relationship between control of corruption and energy consumption. Arminen and Menegaki (2019) examines the causal relationships between economic growth, energy consumption and carbon dioxide emissions in 67 highincome and upper-middle-income countries. They found a bidirectional causal relationship between GDP and energy consumption. Also climate and weather variations are found to be more important determinants of energy consumption and CO2 emissions than corruption, which suggest that changes in institutional quality are likely to have only a limited impact on energy and environmental policies. Chen et al. (2018) examined an impact of environmental regulation, shadow economy and corruption on the environment in China. The results showed that levels of environmental regulation and shadow economy are positively related with pollution, although environmental regulation is effective only when shadow economy and corruption are controlled. Lopez and Mitra (2000) examined the implications of corruption and rent-seeking behavior by the government for the relationship between pollution and growth. The results indicated that corruption is not likely to preclude the existence of an inverted-U-shaped-Kuznets environmental curve. Jabeur and Sghaier (2018) investigated the relationship between corruption, energy consumption, economic growth and CO2 emissions in the MENA region. Results showed that economic growth caused CO2 emissions, energy consumption is positively and significantly related to economic growth and also may increase CO2 emissions. However, corruption moderates economic growth and worsens the environmental quality in the MENA region. Zhang et al. (2016) investigated the relationship between corruption and CO2 emissions for APEC countries. The results show that the effect of corruption on CO2 emissions is heterogeneous among APEC countries. There exist a significant negative effect in lower emission countries and an insignificant in higher emission countries. They also found that corruption may have not only a negative direct effect on CO2 emissions, but also a positive indirect effect through its effect on per capita GDP. Wang et al.
(2018) investigated the interaction between, economic growth and CO2 emissions.The results showed that the moderating role of corruption is crucial in the relationship between economic growth and carbon dioxide emissions. They found that control of corruption reduce CO2 emissions. Furthermore, a significant moderating effect of corruption was observed by Wang et al. (2018) on the relationship between urbanisation and carbon dioxide emissions in the case of BRICS countries, which signifies poor environmental performance therein.
The third area of research deals with "inequality-energy consumption-emissions" nexus. E.g., Khan and Heinecker (2018) investigate the impact of incomes distribution on the energy efficiency. They show that rising disparity for distributions of population density in census blocks in metropolitan statistical areas affects energy consumption efficiency in a diametrically different manner in cities and nation states leading to a higher urban 515 carbon footprint while increasing energy efficiency nationally. Dong and Hao (2018) estimated the impact of urban-rural income inequality on electricity consumption in China. The results showed that urban-rural income inequality was negatively related with electricity consumption. Hao et al. (2016) investigated the impacts of income inequality on carbon emissions per capita in China. The results indicated that carbon emissions per capita increase as the income gap expands for nationwide and in the eastern and non-eastern regions of China. Baek and Gweisah (2013) examined the growth-inequality-environment nexus in the U.S. They found that income equality had a beneficial effect on the environment, economic growth was found to enhance environmental quality, although energy consumption had a detrimental effect on the environment. The opposite results are obtained by Kasuga and Takaya (2017) for Japan. The authors found that inequality negatively affects air quality in the 1990s. Evidence for a causal effect of inequality on pollution was also provided in the study. The heterogeneity of the above describe results is supported by Grunewald et al. (2017) . They investigated the link between income inequality and per capita carbon dioxide emissions. The results showed that the relationship between income inequality and per capita emissions depends on the level of income: for low and middle-income economies, higher income inequality is associated with lower carbon emissions while in upper middle-income and high-income economies, higher income inequality increases per capita emissions.
Given the literature review above, we aim to fill the gap on the determinants of sustainable development and green growth. The paper states that maintaining environmental quality is one of the necessary elements of achieving green growth. Thereby investigating factors, affecting the level of carbon dioxide emission (CO2) seems rather actual and important in order to achieve environmentally sustainable economic development.
Unfortunately, most studies investigate various factors, affecting CO2 emissions, meanwhile the possible asymmetrical effects of corruption on environmental degradation as well as the impact of income inequality on CO2 emissions fall out of sight. That is why we aim to fill this gap on the example of Russian case.
Materials and methods
Given the heterogeneity of the obtained results, discussed in the previous section, we aim to fill the gap by enquiring into the nature of the relationship between CO2 emissions, corruption and income inequality for the Russian case. Then the basic equation can be presented as follows:
(1)
where CO2 represents emission per capita in the sampled country; is income inequality measured by Gini coefficient for the sampled country;
is the corruption level, measured by Corruption perception index.
Then we transform linear specification of the model into log-linear specification. The log-linear specification provides more appropriate and efficient results compared to simple linear functional form of the model (Cameron, 1994) . Moreover, logarithmic form of variables gives direct elasticities for interpretations. Therefore, we specify the estimated equation in log-linear form:
(2)
Also we aim to test the possible asymmetrical effects in renewable energy consumption reaction to positive and negative shocks in total energy consumption in Russia in order to estimate the potential reaction of CO2 emissions to various stimuli. For this purpose, we are using the methodology, developed by Shin et al. (2014) and decompose the energy use variable: 
Equations 3 and 4 divide the variable into and by taking the positive and negative partial sums of the changes in .
In order to estimate Equation 2 after incorporating the asymmetrical effects of , we are employing the nonlinear ARDL methodology, proposed by Shin et al. (2014) . We employ exactly this model due to its advantages in presence of a mix order of integration as this technique follows the lower and upper bound F-values. In which, lower bound values are provided by assuming level stationary variables i.e. I(0) and upper bound values are provided by assuming the first differenced stationary variables i.e. I(1). Yet, if the variables are I(2) integrated, the use of this methodology is unacceptable. Also of great importance is that the NARDL approach allows differences in lags of the sampled variables in the data generating process. Endogenuity problem is absent in the NARDL approach because it also corrects for residual serial correlation. Also the NARDL approach allows to estimate short-run parameters by the means of the error correction model (ECM) adjustments.
That is why the first step of this study is to check the stationarity of the sampled variables and determine whether it is achieved without second differencing procedure. For this we employ four alternative unit root tests: the Augmented Dickey-Fuller (ADF) test (Dickey and Fuller, 1979) , the Dickey-Fuller generalized least squares (DF-GLS) test proposed by Elliot et al. (1996) , the Phillips and Perron (1988) PP test and the KPSS (Kwiatkowski et al., 1992) test. The null hypothesis of the ADF, DF-GLS and PP tests states that the there exists a unit root, while the alternative hypothesis states that the series are generated by a stationary process. The null hypothesis of the KPSS test is of reverse natureit states that the series are stationary, while the alternative hypothesis states that the unit root is present.
The first step in the NARDL procedure is the determining the co-integration existence between the sampled variables. The bounds test examines long-run relationships, where the NARDL framework of the model (Equation 2) is expressed in Equation 5: where, , , represent short-term coefficients of the sampled variables in the logarithmic forms and , , , , represent the long-term coefficients of the sampled variables in the logarithmic forms; q, r, m, n are optimal lag lengths selected by Akaike Information Criterion (AIC) after imposition of maximum of 2 lags for each variable. We avoid more than 2 lags to save the degree of freedom. Moreover, Perron (1989) suggested to include maximum 4 lags for high frequency data like quarterly data and maximum 2 lags for low frequency data like annual data in our case.
After detecting the optimal lag length, Equation 5 may be tested for cointegration. Presence or absence of the relationship is tested by employing the joint F or statistics of the Wald test. The null hypothesis of no cointegration in the model is = = = = 0. The alternative hypothesis of cointegration between the variables is ≠ ≠ ≠ 0. 
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To test the significance of the obtained results, the critical values for the bound test, reported in Pesaran et al. (2001) are used. The critical bounds are set as if the variables are of I(0) and are of I(1). If the F-statistics is above the upper bound of the critical values, the null hypothesis is rejected. If the F-statistics is below the lower critical bound, the null hypothesis is accepted. If the F-statistics is between the bounds, the results of the test are inconclusive.
The goodness of fit for NARDL model is checked through stability tests such as cumulative sum of recursive residuals (CUSUM) and cumulative sum of squares of recursive residuals (CUSUMSQ).
The study aims to test the short and long-run relationships between CO2 emission, corruption and income inequality. The variables include carbon emission per capita in the sampled country, income inequality is measured by Gini coefficient for the sampled country and corruption level, measured by Corruption perception index by Transparency International. The data are collected from the World Bank's World Development Indicators database, Transparency International reports on Corruption Perception Index and Russian statistical database when and where needed.
Results and discussion
The study is based on Russian data for the sampled variables for the period 1996-2018 and is aimed test the short and long-run relationships between CO2 emission, corruption and income inequality as well as to investigate the possible asymmetrical effects of corruption on CO2 emissions. For the purposes of the study the bounds test approach is employed, that assumes the use of the variables with different order of integration, except integration of order above I(1). The first goal, then, should be the investigation of the order of sampled variables integration, achieving which supposes testing the variables for stationarity in order to determine if the ARDL approach suits the study. We employ four different unit root tests, including the ADF, the DF-GLS, the PP and the KPSS tests. The results of the tests for stationarity show that all the sampled variables of the study are generated by a stationary process. Given the results of the different unit root tests, we can assume that the variables in the study are integrated of the order 0 or 1 and none is integrated of the order above 1.
Given that the variables of the study are not integrated of the order 2 we can proceed with the cointegration test. The first step in the NARDL co-integration analysis requires identification of the optimal lag length under the unrestricted vector autoregression. For these purposes we use the Schwarz Criterion (SC), the Akaike Information Criterion (AIC) and the Hannan-Quinn Information criterion (HQ). All the information criteria stand for the lag length of 1 year (Table 1) . If the test statistics is above upper bound , the null hypothesis of no co-integration is rejected (*).
Source: own calculations
The results of the cointegration F-test show that the resulting F-statistics are above the upper bound and statistically significant at 10% and 5% significance level. The results show that the sampled variables are cointegrated and the long-run relationship between the variables exists in the Russian case.
Given that the sampled variables are cointegrated in the long-run, we can proceed to the next stage, that requires estimation of the long and short-run coefficients. Given that the NARDL model was estimated in the logarithmic form, we can estimate how a shock in 1% of the explanatory variables affect the dependent variable both in the long and short run.
The estimates for the short-run relationships are presented in Table 3 . Note: * and ** denote the rejection of the null hypothesis at the 5% and 10% significance levels respectively. β column reports estimated coefficients.
As can be seen from the results of the short-run relationship estimation, the error correction term is negative in sign and statistically significant at 1% level. This result confirms the presence of the co-integration. The value of 519 the ECM coefficient is 0.752, that allows to assume that in Russia 75% of the disequilibrium in the carbon dioxide emission is rectified in the short-run given the explanatory variables.
Given the results of the short-run estimates, we can conclude that the only determinant among the selected variables, that affect CO2 emissions is a positive shock in corruption. In other words, a 1% increase in corruption perception increases CO2 emissions on 0.13% under 10% significance level. Another interesting result is that a 1% decrease in corruption is not statistically significant at all. Yet, we can assume that only an increase in corruption stimulates environmental degradation in Russia, while a decrease in corruption does not affect the structure of the energy sector. The explanation of such result may lie in the lack of stimuli to support green growth through exploitating renewable energy consumption. Also the short run estimates show that income inequality doesn't play a statistically significant role in explaining CO2 emissions in Russia. However, the results may be alternative if one would decompose the GINI coefficient in positive and negative series.
The picture won't change if we look at the long run estimates of the nARDL model in Table 4 . 
As the short run estimates, the long run ones also show that a positive shock in corruption is an important determinants of environmental degradation in Russia. A 1% increase in corruption leads to an almost 0.17% rise in carbon dioxide emission, stressing the importance of institutional quality for sustainable economic growth. The other parameters seem to be of no importance, given their statistical insignificance. The decrease in corruption is found to be statistically insignificant for the purpose of environment preservation. This results show that the main problem of environmental degradation in Russia lies more in technological factors, such as the structure of energy resources, where almost 60% go for coal, gas and oil, rather than in institutional ones.
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The last step in the nARDL approach is estimating the stability of the model. For this purpose, we employ the cumulative (CUSUM) and the cumulative sum of squares (CUSUMSQ) stability tests, proposed by Brown et al. (1975) . The results of the CUSUM and CUSUMSQ tests are presented in Figures 1 and 2 . As can be seen from Figures 1 and 2 , the plots of the CUSUM and the CUSUMSQ statistics are located within the 5% significance critical bounds, which proves the stability of the developed model. 
Conclusion
This paper investigates the impact of income inequality and corruption on carbon dioxide emissions in Russia. Also the paper aims to explore the potential impact of positive and negative shocks in corruptio on carbon dioxide emissions in Russia for the period 1996-2018. The study employs non-linear autoregressive distributed lag approach.
The results show that all the variables are cointegrated in the long run. The results of the long run estimates show that a 1% increase in corruption leads to a 0.13% rise in CO2 emissions in Russia in the short-run, while a 1% increase in corruption in the long run leads to a 0.18% rise in carbon dioxide emissions under 5% significance level. The decrease in corruption is found to be statistically insignificant for the purpose of environment preservation. This results show that the main problem of environmental degradation in Russia lies more in technological factors, such as the structure of energy resources, where almost 60% go for coal, gas and oil, rather than in institutional ones. However, rising corruption negatively affects environmental quality because of high rate of return of non-renewable energy sector. The income inequality is found to be statistically insignificant. However, decomposition of the GINI coefficient for positive and negative shocks may give another results.
The results also reveal the presence of asymmetrical effects of corruption on carbon dioxide emissions and confirm its significance as important determinant of environmental pollution in Russia.
